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ABSTBACT 

The Peterborough County Board of Education 
Hatheuatics Project is a systea-vide cnrriculua project aiaed 
priaarily at basic skills and problem solving in grades K*10. The 
philosophy of the developers includes a broad conception of 
curriculuB. Their goals include the articulation of educational 
goals r the establishment of relationships aaong goals, the creation 
of instructional procedures to aeet thene goals, and the generation 
of Beans of evaluation. In addition, they have a aajor interest in 
iapleaentation as a part of curriculuM design. Therefore, they 
consider the inevitable changes in materials aade intentionally or 
unintentionally by teachers in the field as a part of the 
development. In this paper the history of this project is analyzed in 
tens of stages, the curriculum constructs are examined, and the 
products and evaluation procedures are discussed. The basic skills 
component of the project, based on 600 behavioral objectives with 10 
equivalent test items per objective, is currently used by 80 percent 
of the relevant teachers in the system. (SD) 
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Currlculxoi Change At The Extern Lerel: 
A Four Year Mathesatles Project 

K. A. Leitfavood, J, S. Qipshtn, Florence Maynes, Baxter 
The Ontario Institute For Studies In Education^ 

The theory and practice of curriculum developaent nagr be viewed 
broadly or narrovly depending itpon one's conception of curriculm and 
orientation tovard the dereloiaent process. Host narroirly Yieved, curriculwt 
refers to a set of planned (written) aaterials to be used in guiding the 
course of student ei^erience including 8tudent«»teaeher interaction. S<ch a 
conception suggests that the purpose of dereloismcit processes is to articu- 
late educational goals in operational language » establish logical and/or 
e3i^S:rical relationships anong these goals, invent suitable witerials and 
inatrueticmal procedures for use in achieving these goals and jgenerate 
appropriate aeans for Judging goal attainment. S?en this viev is considered 
expansi'/e bgr some nho vould separate Instructional considerations from those 
of curriculum development. 

On the other hand, ve vish to argue that this relative'^y .narrov 
viev of curriculum developnent has contributed to the nov videly recot^nlsed 
problat of inadeq]uate curriculum implementation (e.g*, Goodlad h KLeiu, 1970) 
by sUoving curriculum students, theorists and practitioners to avoid dealing 
ifith the complex of additional theories* social management and technical 
skills required to ^hnake a difference'* in the schools through curriculum 
change. A broader conception of curriculum vievs it as a set- of experiences 
encountered by scsie particular set of identifiable students in some parti«» 
cular set of real classrocms, schools and school systems (a "Field of 
Practice"). On these groxmds, the development process not only incorporates 
the dimensions alluded to above but the many others required to effect 
necessary changes manifest in student esqperiences. nils viev also requires 
that the intentional or unintentional modifications jnevitably made by 
teachers vhen Implementing packaged curricula, be conceived of as "development" 
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rather than ^bastardization." No vritten curricular materials significantly 
lapinge on the momen'b to moment decision-nnaking processes engaged in hy a 
tether during instruction. When ^*bastax*dization" occurs as a result of 
inadequate decision^^naking at that level, the adequacy of the development 
process must hear the brunt of the blame. This suggests the importance of 
professional development as a p€urt of cxirriculum development. 

!Ihis orientation toward curriculim development has close ties 
vith more general "school change'* frameworks especially those derived tram 
sociological and administrative theory and research. But whereas our 
orientation makes much use of such theoxy and research, it is significantly 
modified and extended to deal specifically with cturriculum problems. Qie 
result is a theoretical and practiced orientation towasrd curriculum develop- 
ment that makes explicit where and when comaonly identified curriculum 
development skills should be exercised. At least as important, however, 
the many other processes and skills necessary to the production of changed 
sttident experiences are identified and conceptually integrated. Earlier 
elaborations of this view have been presented as models of school change 
(Leithwood & Russell, 1973; Leithwood, Russell, Clipsham & Robinson, in 
press). The purpose of this paper is to extend those earlier theoretical 
formulations through analysis of a case study guided by these formulations. 
This analysis should help demonstrate the predictive power of our conceptions 
by indicating vhat the results of basing decision-making on them were under 
at least one set of circumstances. 

The case chosen for analysis is the Peterborough County Board of 
Education Mathematics Project. Und3rw3?,7 in cooperation with the Trent 
Valley Centre, OISE, since 1971 (Leithwood & Russell, 1973) the Project 
involves system-wide {k5 schools) development (in the narrow sensed Imple- 
mentation and evaluation of K-10 Mathematics programs primarily, although 
not exclusively, in basic computational skills and problem solving. At 
the present time data indicate that roughly 80 percent of the relevant K-10 
teachers In the system (approximately hOO) are using the basic skills con- 
tinirum (in some manner consistent with Improved instruction), the essential 
features of vhich include a sequence of 600 behavioral objectives, a pool of 
10 equivalent test items to measiure achievement of each objective, and some 
suggested instructional methodologies. The Project has also provided an 
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opportunity for the system to build skills in leadership » curriculum develop* 
nent, implementation » and evaluation which support further curriculm change 
initiatives and, for the Trent Valley Centre, it has provided one of a 
series of opportunities to study the processes of curriculum development as 
defined here. The following analysis is in four parts. 
1* An overview of the history of the Project analyzed in terms of the 
stages of the curriculum development model; 

2. An examination of selected process coinponents of the Vroject in terms 
of the constructs in the curriculum development model; 

3. A brief descrip^tion of the cuzTlculim products; 

k. A sunmaxy of the evaluation procedures used and data collected* 

Historical Overview; Stages In Chanige 

The first five stages of the curriculum change model (diagnosing 
the context for change, developing the s em i n a l organization, developing 
working organizations, defining general problems and goals, and generating 
strategies for implementing general goals with the client) provide a firame* 
work for e:cfimlnlng the early history of the Project, a time devoted to laying 
the groundwork and planning. Lq0.anentlng the curriculum develojpment plan 
with the clients may be described in terms of cycles tbrou^ the next five 
stages of the model (assessing needs, developing/choosing a solution, 
ImpleMrting the solution, evaluating the solution, and revising the solution). 

Stage 1: Diagnosing the Context for Change 

Forces for Change ESx.isting Characteristics 

^ ^ of the System 

Director of 
Education 

— — 

Action 

In the fall of 1971, the Director of Education made a presentation 
to the Prlncipcds* Association concerning the need for an evaluation of 
basic skills in language and mathematics. A brief description of the context 
in which that action was taken helps to account for bis action and the 
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decisions made subsequently as the Project got underway. This description 
is reconstructed after the fact, hovrever, and no claim can be made that it 
corresponds to the Director's diagnosis. 

The most immediate and obvious stimulus to action by the Director 
derived from the 1971 Suamfcer School Principals' report, a report which 
criticized student competence in the basic skills of mathematics and language. 
Discussion of this report by the Board's trustees led to a request that the 
Director take action to evaluate hasic skills • 

Other readily identifiable influences on the climate for change 
Included: the cu^countability movement of the seventies; a core of experienced 
curriculum innovators in the system (POISE Project participants, see Russell , 
Leithwood & Baxter, 1973); prevailing but conflicting philosophical positionB 
about mathematics education; cm Ontario Ministxy of Bducr.tion policy favoring 
local eurrieulum development ; recent Board reorgani:r«ation into a county«wlde 
system; cmd difficulties in satisfactorily operationalizing concepts like 
Individualization and inductive learning. 

As a restilt of these influences, teachers were: 

1. oriented toward basic skills, but not necessarily toward student mastery; 

2. accepting of the value, but in only a few cases (chiefly POISE schools) 
the practice, of individualization; 

3* accepting of the direction, but not fully understanding the concept 
or practice of the "new math" movement; 

h. torn between the desire for school autonomy in ciurriculum, on the one 
hand, and a wish for clearer direction in curriculum, on the other; 
3* relatively unskilled in the processes of curricultm development and 
evaluation (with some exceptions). 

Stage 2: Developing the Seminal Organization 



Director of Education 



\ ^ 

< 



Principals* Association 



Evaluation Subcommittee 



The Director of Education communicated to the Principals* Associa- 
tion the need for program evaluation and suggested several ways of dealing 
vith the problem. The Association, rather than deal directly with the problem. 




established an Evaluation Subconzoittee which » in turn» subsequently submitted 
a series of reccmoendations which were adopted by the Association and accepted 
by senior administration. In brief » these recomendations suggested an 
initial focus on both ctirriculum development and evaluation » in mathematics 
only, (including developing appropriate skills among school staffs), beginning 
vlth a series of workshops for principals to be planned by the Principals* 
Professional Development Committee (PPDC). 

Stage 3; Developing Working Organization(s) 



T 

Deceuber 1971 
to 

September 1972 

T 

May 1972 
to present 

i 



Principals' Professional 
Development Cozumlttee 



Principals' and Mathematics 
Department Heads Workshops 



Mathematics 
Advisory Committee 



Writing Commlttee(s) 



Principals* 
Association 



During the December 1971 to September 1972 period, during which 
six day-long workshops took place, the PPDC was both a coordinating and 
programing arm of the Principils' Acr,ociation. In April 1972, a set of 
recoimaendations from the PPDC led to the formation of the Mathematics Advisory 
Coimnittee (consisting of principals , teachers, Trent Valley Centre repre- 
sentation, a superintendent and mathematics consultants) to continue develop-* 
ment and evaluaMon of the mtheaatics program, again on behalf of the 
Principals' Association • 

Stage k: Defining General Problems and Goals 

InitieOly, the goal was for individual schools to develop and 
evaluate their mathematics progrnr^is, end the problem for the series of 
t^orkshops wae to provide principals and department heads with the skills 
needed to meet this goal (skills Id curriculum development, e/aluation, and 
leadership). Following the first vorksbop, a more feasible goal was seen 
to be the development, implementation and evaluation of a county«*wlde progran, 
with the problans of development and evaluation chiefly assigned to the 
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Mathematics Advisory Committee (MAC)* Bius, the workshop series redefined 
the development, evaluation and leadership skills required as those i^ch would 
contribute to effective implementation of a program largely developed 
others. 



Stage 5: Generating Strategies for Impl«ttenting General 
^ Cfoals with Clients 

1. PFDC Strategy: 



Planning Meeting 



Workshop presentation 

— — I — 



Feedback during workshop 

I 



Evaluation of workshop 
by participants 

I 



Assigned task in schools 



Each workshop followed a general procedwe of (a) presenting a 
problem task followed by small group discussion of problems involved in 
carrying out the task; (b) developing and stimulating in small groups a 
strategy for carrying out the task in one's school; (c) giving participants 
the task as an in-school assigfiment to actually carzy out. Participant 
observation at the workshop » plus formal workshop evaliiations and products 
of assignments cOl provided feedback concerning attitudes toward the workshop 
and skills acquired, feedback which was Immediately utilized for subsequent 
planning. 
2. MAC Strategy: 



Distribution 



Heeds Assessment: 
Terms of Reference 
Cor Writing Committee 



Formative 
Product Evaluation 



Writing 
Committee 



4- 



t 



Ihservlce 



Evaluation of 
Implementation 



I 



The last of the series of workshops planned by the PFDC corresponded 
with the introduction of the first version of a continuum of "basic conqputa- 
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tional skills and example test items into all schools in September 1972. 
The MAC has since that time carried out two annual cycles of needs assessment, 
development, implementation, evaluation and revision ar^d has tentative 
plans through to 1977. These cycles will be briefly described in the 
following sections. 

Cycle 1: May 197 2 - June 1973 

During May and June 1972, the MAC collected data from the PPDC 
workshop concerning the curriculum development needs expressed by teachers 
and principals; gave as terms of reference to the writing committee the 
production of a continuum of basic computational skills, K<*10, using draft 
materials produced by local teachers as a result of the workshops and existing 
course materials f^om elsewhere as starting points; and prepared a detailed 
task analysis which would see the production of the continuum cootpleted in 
the allotted time. A writing coimnittee df five persons worked throiigh July 
and early August to conqplete this task. 

In September each teacher of irathematics (K-10) was provided with 
a copy of the continuum. Principals were requested to assist their staffs 
with a copy of the continuum. Principals were requested to assist their 
staffs with Implementation, and resource personnel and members of the MAC 
were made available to schools. Tlie MAC used a newsletter and other approaches 
to impress upon teachers that the continuum was a draft version and that 
feedback of any sort (including samples of exercises and tests used) would 
be welcomed. Each teacher of staff submitting feedback received a letter 
of thanks from the MAC and the feedback suggestions were either followed up 
Immediately or kept for the next summer* s writing committee. 

Early in the year, the MAC decided that teachers' et^uation 
procedures would be considerably facilitated if they had available a homo-- 
geneous pool of test items for each objective on the continuum. Accordingly, 
the Trent Valley Centre (using procedures described later in this paper) 
undertook the collection and pilot testing of these items. Evaluation of 
teacher and other staff attitudes to the Project was conducted in May. 



Cycle 2: June 1973 ^ June 197^1 

During the first year of Implementation » feedback received by the 
MAC suggested the following needs: 



!• some revisions in the sequences of basic skills (objectives); 

2. greater detail » particularly for teaching methods » in the Primary 

Division; 

3* Jiore test items in the continuum, and some instrument for student 
placement; 

materials for teaching problem solving; 
5. support for a shift to the metric system* 

These, in turn, vere given as terms of referen;:e to the vrlting cosmittee 
(the last being reflected in choice of txnits in problem exercises and in a 
separate section on decimal fractions in the continuum) « 

In September, the revised continuum was distributed to all teachers 
principals vere introduced to the problen solving unit but it vas distributed 
only on request; and all teachers vere requested to administer the placement 
siu^ey. Laplementation vas supported as in the previous year vith the 
addition of a number of teacher vorkshops on the metric system, problem 
solving, and diagnosis of student veaknesses. 

fhraluation data vere collected during vorkshops, dtiring the 
administration of placement surveys, during a series of monthly intervievs 
vlth selected teachers, and through a May questionnaire survey similar to 
the previous year's. In addition, baseline coTinty«-vlde stvdent achievement 
data vas collected \ising the placement sm^veys in Febnxary. 

C?ycle 3; Spring 197k - Paresent 

Lack of use of the problem solving unit pointed to the need for a 
radical revision, and there vas general consensus that the Jtmior Division 
represented a critical period for the development of problem solving skills. 
Accordingly^ a vrlting committee vas appointed for that task, and the com- 
mittee met several times during the spring to develop a problem solving 
model aroxmd vhich the tmit vould be designed during the dunner. The Board's 
decision to "go Metric" in the Primary Division during 197l»-l975 created a 
need for material, a need vhich vas resolved by freeing a vrlting comml'itee 
to vork on developaent of an activity unit on measurement to facilitate 
metrication in the Primary Division. 

In the fall, both units vere introduced to principals folloved by 
In-school presentations to staff and further support by resource personnel. 
Placement surveys in a second revision vere made available vlth the suggestio 
that they be used as needed (tvo or three times annually). 



Evalxiation throxjgh participant observation. Interviews and ques- 
tionnaires is continuing, as is county-vide assessment of student achievement • 

Several additional stages ar« beginning to emerge as needs* The 
principals have endorsed extension of the problem solving and measurement 
unit to other divisions, as well as first steps towards developing components 
of the curric\ilum for geometry, algebra and probabilistic thinking. Attention 
has also focxxssod on the need for more assistance for teachers with instruc- 
tional methodology and resources — a need ^rtiich fits with the concept of 
mastery learning as a vehicle for equalizing achievement opportunity. It 
should also be noted that use of the continuum by secondary school teachers 
has been slight; however, in September 191^ y they were given access to 
student profiles of Grade 8 gradxiates, keyed to the continuum, and in October 
the placement survey was administered to Grade 9 students, giving secondary 
teachers a better picture of the basic skills needs of their students than 
they have had previously. The result has been some interest in the basic 
skills problem; this interest combined with interest in the problem solving 
unit nakes It seem likely that the Project will shortly bridge the elementary- 
secondary gap more effectively. 



Insert Figure 1 Here 



Pigtire 1 sucmarizes the stages and cycles the Project has followed 
to this point. From the previous description and this table, the role of 
curricultm development processes as narrowly defined is evident. Currictilum 
product development is, using this model, only one of ten stages involved 
in bringing about curricttluc: change. Itp^ importance and the amount of 
enqphasis given it during this project should not be underemphasized, however. 
For example, extensive training was given all menibers of 'Hrriting conmilttees" 
in the skills of objective and test item writing and curriciaum resource 
identification. Similarly a significant proportion of the skills provided 
to principals by the PPDC workshops and to teachers through in-service 
training were of this type on the grounds that possession of these skills 
had multiple pay off: (a) enabled teachers to better understanding and 
therefore make more effective use of the system's math program; (b) enabled 
teachers to better develop additiono to the program of their own choices 
and (c) enabled teachers to more effectively develop curricula in non- 
mathematics curriculum areas* 
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in all of these circumstances there vas an appropriate context, 
demonstrable need, and a clearly defined purpose for the application of the 
particular cwriculum product development skills which ensured alteration 
in student experiences in the intended direction. Many local curriculum 
development projects, recognizing the inqportance of theae contextual variables, 
have focused on them to the virtual exclusion of concern for the adequacy 
of the curriculum product. Involving teachers in the ^process" has some- 
times been the major goal without much attention to either the substance 
of the process or the adequacy of the resulting product. IfcOker and 
Schaffarzick^s (197^) analysis demonstrates the folly of this extreme 
pointing out the significance of the contribution made to student learning 

the content of tk^' ciirriculum to which the student is e3q>08ed. Some 
rational model of the curriculum development process broadly conceived is 
necessary to avoid non-productive polarization of alternatives. 

Some Processes Involved In Curriculum Change: * 
Constnf^ts In The Change Model 

Merely moving through a set of stages in a currj?'U.um development 
plan provides no asstirance that widespread and effective alterations in 
fftudent experiences will occur. From the outset, those planning the Peter- 
borough Mathematics Project were concerned that their curriculum development 
strategy assure widespread xise of the ctUTlculum products to be developed 
eB well as improved student achievement. For success in achieving these 
goals, both the overall strategy and the specific tactics employed at any 
one point needed to be based on sound understandings of change processes. 
Among the idt^as fotmd useful were the theoretical constructs in the curricultai 
change model. These? constructs suggest dimensions on which strategies or 
tactics are likely to be more or less effective, in e .leh case suggesting 
why some curriculum development strategies have been ineffe^ctive and also a 
basis for btdlding more effective strategies. In this section, each construct 
will be briefly described and illustrated with respect to the Mathematics 
jc^oject. The constructs are as follows: communication, the (nythiccd) 
multiplier effect, sliding client-agent relationships, screens, recapitula- 
tion, successive approximations, and the system^ s reward stmcture. 
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One reason some ctirriciilum development strategies don't lead to 
widespread change may be that conmanlcations about the cxirricxiliam changes 
are effective with only a portion of the client population* CooBunication 
about an innoyation should serve three purposes (net necessarily concurrently): 
to assist clients to understand the innovation » to persuade them of the 
benefits of adopting it, and to parovide the skills needed for effective 
implementation • 

Information processing theory permits one to predict and/or explain 
the ef f^ ctiveness of a communication in terms of the relationship of the 
*\iiessage*' to characteristics of the recipient. Effectiveness can be inferred 
if it results in appropriate actions or responses by the recipient, but 
effectiver^ss can be explained (or predicted) if it conveys information to 
the intended recipient in a way which is cognitively meaningful and affec- 
tively acceptable (i.e., if the information in the new message can be appro- 
priately assimilated and accommodated to the prior knowledge and attitudes 
of the recipient). One Important task of the change agent, therefore, is 
to design communications requiring optimal amounts of assimilation and 
accommodation on the part of the client* 

Practically, this requires finding out as much as possible about 
clients • existing cognitive and affective structures and either modifying 
the message appropr-lately for different client groups or providing a wide 
etrray of communications about the change. In the Mathematics Project, the 
feedback solicited formally and informally at all stages was used as a basis 
for designing succeeding communications. Moreover, the involvement on 
working organizations of a broad array of client groups facilitated the design 
of appropriate communications. Experience soon showed (as might be predicted) 
that communication through memoranr*'>., newsletters, or large groups at work- 
shops was effective with only a small proportion of teachers. Nonetheless, 
these could be Justified as parts of a variety of means of comnrunication. 
Generally more effective were more interactive forms of communication, where 
immediate adaptation of the message could occur, and where the agent either 
knew well, or was a peer of, the client group. 

The 5mportance of two-way communication lies not only in what 
feedback reveals for subseq ent modification of the messages about a given 
innovation, but also in what it reveals of needs perceived by clients or 



ERLC 



1.3 



- 12 - 



suggestions for inodification of the innovation which can alter the innovation 
for the tetter. In the Mathematics Project, feedback from the principals 
after the first workshop changed the Project from one of local school program 
development to system-wide development, a change which not only appecured 
better to meet needs but offered the promise that the overiJJL calibre of 
curriculum products would be higher. 

The Mythical Multiplier Effect 

Frequently, curriculum development strategies are built on a model 
which conceives an innovation spreading out in concentric rings from an 
initial adopter group, in effect multiplying the effort devoted to implemen- 
tation with the initial gtoMp. In practice, however, such strategies reduce 
to the application of decreased forces (and resources) to increased resistance* 
If one conceives of the small initieuL group which adopts a change as repre- 
senting high innovators with respect to that change — ^people whp are cognitively 
and affectively predisposed: to try it — such strategies may be in effect 
non-strategies* Conceivably, they result in very little change that would 
not have occurred anyway. Meanwhile, those who have less initial predisposi- 
tion, and perhaps fewer appropriate skills, may well observe the special 
attention, the training opportxmities and the extra resources devoted to the 
initied group and react against any expectation that they should make the 
change. Particularly, in the case of curriculum innovations which tend to 
be characterized by complexity ani not readily observable benefits, there 
seems little reason to expect the multiplier effect to operate, and in the 
authors* experience it is an ineffective way to diffuse change throughout 
a school system, perhaps in part because of relatively impermeable subsystem 
information boundaries. 

In the Mathematics Project, then, the choice to begin with system^ 
wide implementation, as .opposed to concentrating resources on an initial 
pilot group, was deliberate. Moreover, an attempt was made, where possible, 
to provide extra assist cmce and support to those most in need. Finally, 
there was an attempt to provide a variety of messages, any one of which might 
be expected to appeal to a different segment of the client population as a 
force motivating adoption. Some teachers ^ for example, responded, by using 
the continuum, to the message that a useful resource had been provided; others 
responded only when it was made clear by senior administration that teachers 
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should be able to provide detailed information about each student's progress 
in basic skills and soon; still others begem to use the continuum when pools 
of test items and placement surveys were made available. It is probable ^ 
moreover, that some teachers responded to the implicit message that this 
change was not a transient one; some "laggards" nay well represent people 
who are cynical about the '^and-wagon" history of many educational innova- 
tions • 

One general inrplication is that much larger expenditures of time 
and resources are reqxiired than is characteristically assumed if widespread^ 
lasting and effective implementation is to occur. 

Sliding Client^'Agent Relationships 

Some change strategies euffer from having too few agents and too 
many clients. When the agents are outside the system or in the upper ranks 
of administration this problem may be exacerbated. 

One alternative is to conceive of the curriculum develojanent 
strategy as working through a series of sliding client-agent relationships: 
the initial change agents view their task as persuading their initial clients 
to act as agents with other client groups and providing the information 
appropriate to their doing so effectively, the process repeating until the 
ultimate clients (students) are reached. One consequence of this strategy 
is an increase in the numbers of people able and willing to support implemen- 
tation; another is an increased sense of personal involvement; a third is the 
increased potential for modifying ccmmiunications to meet the differing infor- 
mation needs of client groups. 

In the Mathematics Project, the agent role expanded from senior 
administration to the PPDC and from tb're to the Principals' Aeflociation as a 
whole, through the workshops. In tljeo.^, this introduced one person as agent 
into each school staff. In practice, not all principals were able or willing 
to carry out this role well. The formation of the MAC and writing committees 
brought more potential agents into the process , many of whom were classroom 
teachers. Still others became agents as workshop leaders. In this way, 
individuals and groups acting as change agents provided an alternative to 
the principal as communication link. Within schools, teachers who led division 
groups of staff, as well as those teachers who provided feedback to writing 
conmittees were encouraged to see themselves as agents, rather than passive 
participants, in the change. 

er|c 15 
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Screens 

Merely passing information to tbe first of a series of intenaediaries 
betveen initial agents and the iHtlsate clients may not have the desired 
effect, hovever. Because there is unlikely to be anything like one to one 
correspondence betveen the personality structures of the communicator and 
his audience » the message inevitably will be somewhat altered as it passes 
from initiator to ultimate clients » even without conscious intent on the 
part of intermediaries. The message created by this screening process may 
be more 9 less or equally effective vis-4«*vis the subsequent clients. If 
subsequent actions of those who hear an altered message reflect commitment to 
the change and are appropriate for meeting the gocds of the change » distortion 
can be said to be minimal even if the alteration in the message appears to be 
substantial. The more screens between initiator and ultima'^ s clients » the 
greater the possibility of distortion. However » if there is a large role 
distance and little knowledge of the personality structures between initiator 
and ultimate clients » the screening process may be desirable. Further negative 
consequences of screens can be anticipated if each recipient of a message 
is encoxiraged to alter it so that (a) it is potentially more meaningful and 
acceptable to the next recipient and (b) the intent of the message remains 
unchanged. 

In the Mathematics Project » principals were more likely than 
senior administrators or academics to be able to identify information needs 
and concerns of teachers, students and peurents. Distortion introduced by 
this screen could also be compensated for by a combination of direct communis 
cations from senior administrators to teachers and communication from teachers 
and resource personnel closely involved in the development and implementation 
process, the latter kind of communication lessening the distortions introduced 
by role distance. 

Recapitulation 

If the communications along a series of sliding client-*agent 
relationships deal only with what the client is expected to do as agent, 
no provision has been made for him to understand the basis for the task 
he is being invited to undertake and distortion of the intent of the message 
may veil ensue. Assuming that the considerations which lead one group of 
change agents to choose a pcurticular course of action are likely to be 
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meaningful to their clients, a recapitiilation of these considerations is 
likely to help answer the client !s question: "Why should I become an agent 
for this process, and why should I undertake the particular actions requested?*' 
(if the rationale is not persuasive, of coiarse, there voiiLd appear to he 
good reason to re-examine the strategy. } 

A straightforward sunonary of the original decisionnnaking may not 
be the best approach, however, since those to ^om the message is comanmlcated 
are likely to have different roles within the system and different person- 
ality struct\ires. Thus, certain considerations inqportant to the initiators 
nay require little emphasis, while those likely to be motivating for the 
lanediate client group (and their succeeding clients) may be enqphasized more 
strongly. Substantively, the message is likely to require elaboration to 
make operational for the roles of intermeiilate client groups the concepts 
imbedded in the change. 

In the Mathematics Project, recapitulation was used frequently to 
keep personnel at all levels informed of progress on matters which concerned 
them. The development and introduction of the revised problem solving unit 
is illustrative. The superintendent in charge of mathematics escplained the 
need for revision of the problem solving unit to the writing committee in 
terms of the iinpoirbance of problem solving and the lack of use of the original 
document. Discussion by the writing committee focused on ways of making the 
revised tmit more usable and or particular weaknesses in students* problem 
solving behaviors, I'or example, the need to break the computational set 
many students seem to acquire and the need for them to acquire a repertory 
of representational techniques. Recapitulation of these conceras and the 
solutions identified occurred When the revised unit was introduced to principals. 
To this message were addetl suggestions as to hov principcLls could assist with 
is^lementation. Finally, when the writing committee presented the unit to 
individual school staffs, emphasis was placed on student difficulties with 
problem solving, the insights the writing committee had gained through observ- 
ing students work on problem exercises, and the we^s in which the unit could 
be of Immediate assistance to teachers in tackling student dlffictilties. 

In summary, the process of recapitulation at any stage in a sliding 
client-agent relationship must: 

1. ensure that the client imderstands the goals the initiator intended the 
change to achieve and accepts the need for them to be achieved; and 
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2. enable the client to communicate (as agent) in terms operationcdly 
appropriate to the tasks implied for his clients. 

Successive Approximations 

Many curriculiam innovations are complex and may require fairly 
radical changes in teacher behavior without providing adequate opportunities 
for the teacher to see the need for the changed behavior. It is not sur- 
prising^ then^ that many curriculum development strategies originating outside 
the teacher which attempt to introduce a complex innovation in one step do 
not succeed. 

From the beginning in the Mathematics Project » many of the planners 
felt that there was likely to be more real change in the long run if the 
amount which teachers were expected to assimilate or accommodate to at any 
one time was relatively modest but provided a solution to some pressing 
problem. Throvz^ successive approximations, the long-term goals of a 
curriculum development process could be- reached. 

Of the stetges to date: 

1. the first approximation » production of the continutmi, did not require 
a change in the mathematical content of a teacher's program, but it did 
suggest a changed instructional model, one in which precise goal identifi- 
cation, careful sequencing and student diagnosis would be major features. 
Moreover, it responded to teachers' concern about weaknesses in basic skills 
and answered a need for more detailed program specification; 

2. the second approximation added pools of test items and placement siurveys 
to the available basic skills resoxirces, gus we7.1 as a first version of the 
problem solving imit. The testing iaateri€tlt^ and accompanying in-service 
activities responded to a need teachers had identified as soon as they began 
to use the instructional mode implied by the continuum and made meaningful 
the possibility of (a) initiating instruction, \4th individuals and small 
groups, at levels revealed to be appropriate by testing and (b) keeping 
accurate records of their subsequent progress. In this way, the continuum 
could become more than Just a gxdde to sequence. The problem solving unit 
accomplished little more than to focus attention on the impoirtance of problem 
solving as an application of basic computational skills and the need to 
respond instructionally to student diffic\aties with problem solving; 
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3. the third approximation produced a more readily usable problem solving 
unit^ a metric activity imit and placement siirvey data for the secondeuy 
school level. With teachers now more aware of the importance of problem 
solving and the need for acquiring problem solving skills, and at the same 
time» more capable of dealing with student weaknesses in basic skills (the 
most pressing concern for many initially) the new unit was well received. 
In the process » the County was adopting goals and methods which might earlier 
have been perceived as a radical change. Board policy mandating metrication 
created a need for metric inatructional materials and provided, at the same 
"tiine, an opporttmity to introduce a more carefully sequenced program in 
measurement skills and concepts. Because secondary school teachers had 
tended to perceive basic computational skills as the province of elementary 
schools, earlier attempts to persiaade them to use the continuum had not been 
successful; however, they did have a need for a systematic way of streaming 
students, a need which placement survey data answered. Moreover, the data 
on individual student weaknesses made possible a more systematic and indi- 
vidualized approach to remediation, an approach for which the cctntinuum was 
an obvious aid. 

In summary, the benefits of proceeding by successive approximations 
incline the following: 

1, the needs considered most pressing by the clients can be met at the 
outset, securing a willingness on their part in the future to attend to 
changes that the change agents see as important; 

2, knowledge, attitudes and skills appropriate for achieving the long-term 
goals may be acquired in meaningful and manageable contexts over a period 
of time; 

3, success in acconqplishing goals at each stage of the change engenders a 
positive attitude to change; 

1*, implementation of one stage tends to make visible new needs for which 
succeeding stages appear to provide natural solutions. 

The System's Reward Structure 

Many ciariculum development plans appear not to be very effective 
beyond the high innovator portion of the client population—those for whom 
some peurt of the message received is intrinsically motivating. Those who 
routinely exercise their authority and distribute rewards in support of system 
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maintenance functions appear often to he reluctant to do so in support of 
innovation. When those in hiareaucratic positions of responsibility within 
a system are convinced of the merits of a change, however, it makes sense 
to encotirage adoption by other segments of the client population through 
Judicious use of the structure of positive and negative rewards available 
to the system* 

In the authors* experience, there are frequently few incentives 
to adopt a change and, not infrequently, substantied disincentives. For 
exan!ple: 

1. in many cases, those who first implement a change create pressures on 
their colleagues to follow suit; in reaction, the less innovative often 
create pressures against those who aire perceived as ixmovators; 

2. usually a change in practice requires additional time for planning and 
additional resources. Especially for those who may have delayed implementation 
because the change from their current practices is a large one, these are 
seldom made available; 

3. people tend to be comfortable in their current practices; change intro- 
duces a stage of lack of confidence and discomfort during which a climate 
of support and tolerance for attempts which may fail is needed but may not 
be provided; 

in~school systems, teachers and administrators are confronted with a 
host of day-by-day and even minute-by-minute demands on their attention and 
concern which seem to have priority on much of whatever time they have 
together and inhibit sustained interaction on the problems of implementing 
a curriciilum innovation; 

5. many teachers have experienced sudden and frequent shifts in direction 
from their administration, encouraging a belief that "This, too, shall pass" 
and a consequent tendency to await the time when their existing practices 
will once more be in vogue. 

Such circumstances frequently discourage everyone except those who 
are intrinsically motivated or those who anticipate positive reinforcement 
(praise, promotion or additional resources) by being among those who first 
adopt the change. This discouragement may even set in prior to giving any 
serious attention to the innovation. Accordingly, under some circumstances 
it may be appropriate to "legislate" awareness. Interest, and trial to ensure 
that each client has sufficient evaluative knowledge about the innovation 
to make an adequate Judgment about whether or not to adopt it. 

20 
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One of the crucial events in the history of the Mathematics Project 
was based on this approach. By Pebmery of the first year of implementation 
of the continuiun, several lines of evidence converged on the view that most 
teachers had made no serious attempt to try it. The outcome was the tactic 
employed by the superintendent which subsequently became known as the '*March 
edict": principcds were to sit down with each teacher on their staff to 
discuss the progress of ecu^h pupil on each of the basic conqputational skills » 
c(»tpiling the results for discussion at a principcds' meeting a month later. 
Reaction was immediate and negative; however , by May when teacher attitudes 
to the Project were surveyed, a large proportion of teachers indicated that 
their initicd enger was overcome by the recognition that the continuum pro- 
vided not only a convenient means of providing the required information but 
also a useful gxdde to basic skills instruction. The result was a consider- 
able increase in the proportion of tecu^hers using the continuum. Conceivably^ 
a less authoritarian tactic might have achieved the same result with less 
attendant tension and suspicion; nonetheless » it did point to the need for 
some strategy to ensure that clients do not simply ignore an innovation 
before trial. 

The following procedures may be employed to reduce the arbitrar- 
iness of use of authority: 

1. Foreshadow, through multiple and varied communications , the change which 
will eventually occur; 

2. Distribute some authority among peer representatives to reduce suspicions 
and render psychologically more difficult the rationedization of resistance 
to change; 

3. Provide training to clients in coping with the change in a relatively 
unstressful environment, prior to possible legislation; 

U. Invoke the need for change in successive approxiaatlons such that recog- 
nition of the merits of each step should inhibit the mobilization of effective 
opposition which might arise if a radical and complex change were legislated; 
5. HlgbXight the educational merits of the change, anticipating and answering 
where possible potential objections. 

Apart from "legislation," the system may increase the positive 
rewert!ls for making the change, decrease the disincentives to change and/or 
provide negative reinforcement to those who do not make the chemge. Positive 
rewards in the Mathematics Pz*oJect included the status associated with 
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laenbership on vorklnc; organizations , remuneration to vriting coomittee members » 
and 9 more obliquely » but very relevantly, the satisfaction of concrete data 
recording impTOved student progress. The alleviation of disincentives has 
occurred through ensuring public commitment of the Principals' Association 
as a whole, through the provision of additional resources (personnel, equips 
ment and print material) to all potential adopters, and through the provision 
of professional activity days in which school staffs have opportunities for 
planning and program development activities. 

Curriculum Products 

The Project now has available for the use of teachers in the system: 

1. a continuum of basic computational skills (years K--10); 

2. a set of criterion- referenced tests based on the continuimi (fozms A, B 
and C; years 3-1*, 5-6, 7-8); 

3. a "landbook describing, for teachers and principals procedures for 
administering and scoring the tests, and recording and anedyzing test results; 
k. a unit on :*cbledJ:-scl dng (years H-6) focused on computational problems; 
5* a unit on metric measurement (yeeurs K«-3)« 

The continuum contains eight sequences (Addition, Subtraction, 
Multiplication and Division of Whole Nmbers, Fractions, Decimal Fractions, 
Integers and Exponentials) in a looser-leaf fozmt. The sequences proceed 
from initial concept development to levels quite adequate as a basis for 
«dgebra, and they range in length from 29 specific student performance objec- 
tives on exponents to 211 fractions. For each skill or concept identified 
in the left-hand column of a pairticuleur page (e.g., A26 - Addition of 1-digit 
numbers) the next column states one or more specific objectives (e.g., pupil 
adds a colimm of 1 digit numbers, 16 addends) and tue third column provides 
a pool of items (S^-IO) for each objective. The final colinon identifies 
textbook references for appropriate exercises and/or provides teaching 
suggestions. No grade designations are provided on the continuum. 

Each form of the placement survey at a particuler grade range 
(e.g., levels 3-^*) provides 5 items for each of the objectives tested. 
Separate booklets are provided for each skill area (e.g., addition) and in 
each booklet a range of ^'plateau" objectives (those objectives representing 
significant steps cdong the way to full mastery of that skill area) suitable 
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for placing th^ l»ant aad veakest students of that grade range. Hence » there 
is some overlap hetveen forms (e.g., between the 3**^ test and the 5-6 test). 

The placement survey handbook distinguishes among the purposes 
for the placement survey, pre- and post-tests; describes the placement surveys 
aiki provides directions for their administration; and provides answer lists 
and scoring procedures. In addition, the handbook illustrates how student 
scores can be recorded to yield both individual and class profiles useful 
for diagnosis, reporting to students, parents and administrators or making 
px^ogram adjustments. 

The problem solving unit is intended to be integrated with instruc* 
tion on basic computational skills. It analyses the problem solving process 
and presents a problem solving model showing how it can be used to organise 
instruction and identify particular student difficulties in solving problems » 
The unit is broken into seven subtmits (Representation Techniques, X¥o>l«n8 
without Humbers, Being Critical about your Answers, Relevant /Ixrelevaat 
Information, Problems with Too Little Information, Visualization, and Breaking 
Up the Coaqputational Set ) , each of which is linked ^o a conrponent in the 
ittodel. Each subunit contains an introduction, suggested teaching techniques 
and example problems, a set of student exercise problems on the skill taught 
in that unit (roughly sequenced according to difficulty), and a set of student 
exercises which mix and conibine skills from that subunit and preceding ones. 

The metric measurement unit develops a sequence of measurement 
concepts and skills, using the metric system when standard units are intro- 
duced. These are presented through separate sequences of student performance 
objectives for the following kinds of measurement: linear, area, capacity, 
mass, teoqperature and time. For each objective, an "idea card" identifies 
an activity vi^ich can be carried out by students and lists such additional 
information as new vocabulary required, matericds required, and possible 
supplementary activities. 

Project Evaluation 

Methodology 

Change may be measured by comparatively examining a phenomenon at 
two or more points in time. While change in some form cannot be prrrented, 
the notion of planned change suggests conscious intervention in the prucess 
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in order to alter the direction and/or rate of that change. The school change 
model provides a useful basis for an evaluation methodology since it: 

1. provides a rational basis for choosing the points in time most productive 
for comparative examination; 

2. defines the critical feattares of the intervention plan; 

3. identifies the subset of variables through vhich the intervention plan 
primarily acts. 

Using the model as a basic framework for an evcduation methodology^ 
the tasks were to develop methods for: 

1. accurately recording » in project settings » procedures used to achieve 
the varioixs stages in the Project. This required tracking the network of 
actions and reactions among indlvidxials and groups of people as they made 
decisions regarding change. These actions constituted the objective system 
properties (Riley, 1963) which are best reflected in some form of observation; 

2. evaluating the effectiveness of mediating procedures in achieving the 
substages of planned change suggested by the model. These methods concerned 
the subjective properties of the change system— ^perceived knowledge and 
attitude chamge among clients. Such data are best collected through questioning; 

3. assessing achievement of the terminal goals of planned change, in this 
case, student performance. 

With respect to objective properties of the change system, the 
authors* role as "planning and planned-in" components of the Project was 
both an asset and a possible liability: an asset because official membership 
on planning bodies provided a legitimate and informal access to decision- 
making processes and to ^'informants" acting as representatives of various 
agent and client constituencies; a liability, becaxise lack of systematic 
recording system and personal involvement might lead to the class of error 
Riley (1963) refers to as the "biased viewpoint effect" as well as doubtful 
reliability. Frequently, the authors* interpretation of events could be 
checked infoxmally against that of other participants; moreover, on numerous 
occasions a non--*pGurticipant observer (sometimes acting as a ccHmnittee*s 
recording secretary) was also present and subsequent consultation between 
participant and non-participant observers both reduced the burden of inference 
on any one observer and increased inter-observer agreement. The objective 
records of a series of meetings (including observations, agenda and minutes) 
together with an interpretation of each meeting* s utility in achieving 
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intermediate and long-term goals were later examined collectively hy the 
evaliiation staff. Overall , these procedures seemed likely to reduce problems 
of reliability and threats to validity attributable to too great an inter- 
pretive burden on one observer. While observers were visible » their legitimate 
and long-term involvement seems likely to minimize that particular threat to 
validity. 

Bnduation of the system's subjective properties attempted to 
determine by questioning: 

1. the fact of intermediate goal attainment, including attitude and knowledge 
modification of intermediate clients; 

2. the relative contribution or effectiveness of each of the specific 
procedures employed toward that end. 

The observation record of actions taken hy agent groups toward the interme-* 
diate clients served as the basis for questions regarding 1 and 2. Where 
hypotheses were being generated or the immediate effects of particular tactics 
or decisions being explored, the method of theoretical sampling to saturation 
was scmietimes employed (Gla^er and Strauss, 1967)* For determining the effects 
of established processes, random saopling procedures, with some stratification, 
were xised. An overall and growing picture of effects was obtained then, 
throxigh: 

1. a series of monthly interviews with small samples (approximately 5) of 
selected client groups; 

2. interviews with a random sample of parents and of teachers towards the 
end of each school year (approximately 5% of teachers and an equivalent 
nmber of parents); 

3. questionnaires sent annually to all principals, senior administrators 
and resource personnel; 

U. questionnaires sent annually to all teachers (except those in 2): the 
questionnaire was broken into several parts and equal numbers of each part 
were randomly assigned to teachers stratified as to Primary, Junior or Inter- 
mediate Division (multiplennatrix random sanqpling); 

5. questionnaires administered (at the time of pchievement testing) to two 
randomly selected classes from each of Grades 3 to 8. 
Because each client group siunreyed was in contact with one or more of the 
others, it was possible not only to sample a group's own knowledge and 
attitiides but to get that group's impression of effects felt by others. 
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This vas particiaarly useful in the case of principeds, senior administrators 
and resource personnel who were in regular contact with teachers. 

Student achievement was monitored by both criterion«>ref erenced and 
norm«referenced testing. The nomnreferenced test (Canadian Test of Basic 
Skills » CTBS) had beeii administered in Grades k and 7 throughout the County 
for a number of years. It thus provided one continuing record against which 
the effects of the Mathematics Project could be compared; moreover » a coo^ari- 
son with Canadian norms was possible. Fuxthermore» since comparisons between 
innovative and traditional programs may be contaminated by the use of measures 
referenced only to the innovative program and standardized tests tend to 
reflect traditional goals, continued use of CTBS seemed Justified. 
Nonetheless, although the basic skills continuum was not intended to reflect 
novel goals, only aboxxt one«third of the items on the CTBS assessed objectives 
found in the continuxm. 

For the evaluation of ciurricalxim, a strong argument can be made 
favoring criterion-referenced testing (e.g., Popham & Husek, 1967)* Procedures 
used for the development of a criterion-referenced testing system in the 
Mathematics Project Ir^ve been more sophisticated than those customary for 
loced projects (Leithwood, Clipsham, Maynes, 197'^}« The process was intended 
to Jointly serve the testing and infozmtion needs of teachers, principals 
and senior administrators: teachers shoiild be better able to diagnose specific t 
individual weaknesses^ identify areas of program in need of revision and report 
student progress; principals should be better able to identify program areas 
in need of further resources or of revisions (vfaere several staff members would 
be involved), and to respond to community and administrative information needs; 
administrators should be better able to allocate system resources for curriculum 
development and to respond to accotmtability demands on the system. 

From the outset, the content validity, specificity and conqprehen-- 
siveness of the set of objectives established was critical to establishment 
of a testing system. Logical analysis by experts, feedback from trial use 
.of the objectives by teachers, and the results of empirical testing of items 
referenced to the objectives were all employed to check the adequacy of the 
objectives and their sequencing. 

A second goal was to produce a pool of interchangeably useable test 
items for each objective. A set of fifteen items for each objective were 
reviewed for content validity by a panel of •^experts" and also by teachers 
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whose classes were selected for empirical testing of the items. Booklets, 
each containing the items for one objective, were made up and each was 
piloted in two classes at the same randomly selected school, one class repre- 
senting students who had first received instruction on the objective during 
that year and the other representing the immediately preceding grade. Items 
which were found to be discrepant (either substantially different from the 
mean performance on all 15 items or correctly completed by a different seg- 
ment of students from those most successful with other items) were examined 
to determine, if possible, reasons f oA the discrepancy and either modified 
or rejected* Of the remaining items, eight to ten were included in the 
revised continuum for teacher and school use* 

A third goal was to produce an instrument which could be used 
as a placement survey by teachers and for county-wide assessment. For these 
purposes only the most important objectives, those which represent "plateaus" 
in the mastery of a skill, were selected. Three paredAel forms of the survey 
for each of Grades 5-6 and 7-8 were prepared, with starting and cut-off 
points determined empirically by student performance in the Coxmty (from 
objectives which virtually all students had mastered to those which very few 
had mastered). This survey is now in its third version and formative data 
analyzed during pilot trials of each version has resulted in modification 
of items (those which failed to give equivalent performance), of format 
(changes in instructions, spacing and type size, etc.), of sequence (when 
the profile of performance over a sequence was discontinuous) tod of scope 
(where objectives proved too difficult or too easy for the students to whom 
they were assigned). 

In February of 197^ and 1975, a multiple-matrix random sampling 
procedure was used to obtain data from six different classes at each grade 
level covered by the test on each of the six basic skill areas covered. 
(The total number of different classes included in the 1975 sample was 108, 
representing 29 of the system's 38 elementary schools — in most cases students 
in one class were assigned more than one basic skill area, e.g., addition 
and division). 

Evaluation Results 

The observation records of objective system properties are reflected 
in a highly condensed form, in preceding sections of this paper* This section 
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provides a smmnary of selected portions of the data on subjective properties 

of the change system and on student achievement. 

The following excerpt from one of the monthly interview reports 

indicates the usefulness of such data in pursuing hypotheses and getting 

more adequate data on the use to which products are put* In this case a 

group of five first or second year teachers was selected to follow up on 

the suggestions made hy other teachers in previous interviews that the 

prodiicts were particularly useful for inexperienced teachers: 

One teacher had heard general ccnments of a negative natiure from a 
county teacher while still at Teachers* College, hut later study of 
his own continxxum had aroused none of the criticisms he had expected 
to find reason for. Another reported heing initially somewhat over- 
whelmed by the document » but she as well as all the others are now 
positive » even enthusiastic. Comments made were» "The Grade 1 part 
is really beautiful^" "Addition and subtraction really excellent 
"Really glad to have it," "I really use it—really like it," "Fan- 
tastic for somebody Just starting." Nor could they report negative 
attitudes among their colleagues. One said she hadn*t heard of a 
teacher who didn't find it useful. One noted a colleague* s criticism 
of the lack of specific grade levels htxt added she herself found the 
Grade levels for each objective isrplied Toy the texthook references 
Inforiued her adequately of the grade at which teaching of the skill 
was appropriate. 

All reported the continuum had been recommended to them, but 
none felt they had heen in any way pressured to use it. All welcomed 
leadership of this sort hut noted that as inexperienced teachers 
they needed guidance. 

Their use of the program appears to be at a sophisticated level. 
Their students are groiqped and they refer to flexibility in their 
groyxping. All do regular posttesting, though less pretesting. One 
was apologetic because her attempts to individualize completely had 
failed, and she had settled for fo\ir groups plxis four individual 
programs. All appear to teach their groins in txirn. 

Except for the one teacher who had no Grade 3 students, all 
\2sed and appreciated the placement siurvey, and felt they learned 
things about individual students, and retention over the summer, 
etCc, they would not othezvise have known. Two had posted or shown 
the children their charts and felt this had been worthwhile, two 
others wesre thinking of doing this. One reported the parents of 
her students liked the charts* 

Only two reported an increase in workload. One regarded the 
extra work as worthwhile, the other thought it was initial only 
(she had done extensive work in organizing objectives trasi the 
different areas into an overall sequence }• She and the other three 
now feel that use of the program reduces the work they need to do. 

All seem basically content with the continuum as it is, and 
see no need to add tmlts on such things as time or money. One 
thought a unit on metric measurement, however, would be valtiable. 
All considered these extras were obviously parts of a complete math 
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program, and taught them, but saw them as distinct from the sorts 
of things provided by the continuum, with their absence in no vay 
diminishing the continuum. Two of the five, however, reported a 
deficiency they regarded as fedrly serious, namely what one called 
"teaching 10 *s and l*s*' and the other called teaching "place value." 
The latter added objectives to the sequence, the former called it 
a "real problem." A colleague of this individual (with five years 
experience), also a primary teacher and also in general quite 
positive, who was present during part of the interview, noted she 
had often asked for "a portfolio on teaching ten-ness" but had 
heard nothing. 

Vital to the success of a new program is the attitudes toward it 
on the part of students. The following excerpt from the report on the 
student attitude survey in 197^ summarizes these data and their interpre-* 
tations : 

In summary, there was apparently a high level of positive affect 
towards mathematics among students in all grade 3^ students in the 
Cotmty, at least insofar as this is accurately estimated by the 
saaiple tested and the instximient employed. In fact, for a large 
proportion of the younger (grade 3) students, mathematics may be 
their favorite subject, though perhaps students in the more advanced 
grades were more likely to like some other subjects more^ and some 
less, than mathematics. 

When mathematics was Judged relative to the way it "used to be," 
(a Judgement in which grade content and teacher differences, as well 
as changes in instmiction which may have resulted from the major 
thrust in mathematics, would of course pley a part), it appeared 
that a large proportion found it more interesting and "likeable," 
and also harder than it used to be. A quite similar proportion 
Judged it "just about right" in terms of difficulty. This pattern 
of response tended to confirm that students had a good level of 
satisfaction with their mathematics program and suggested an increase 
in difficulty is, so far, associated with an increase in interest 
and liking. 

The questionnaire asked students about the iise of pretests, or 
placement tests, something which may have been fairly new to them, 
and might be expected to arouse some anxiety if there is not a good 
understanding of the purpose. Although there were a good number of 
sttadents who were aware of doing such tests who dislike them, (about 
one-*third) this proportion is nevertheless smaller than those who 
do not dislike them (about one-*half ). However, about half who say 
such tests are used in their classroom are either not sure they 
understand, or do not understand why they are asked to do them. 
Perhaps here, as famlliaidty with the practice increases, some 
inq3rovement in attitude may be expected. 

Steall group instruction is prefeired over working with the whole 
class Ify abotzt one--half the students tested. The rest, however, 
either do not prefer it or are not sure of their preference. Perhaps 
this finding suggests that further exploration is required of the 
attitude towards this aspect of the program; and the reasons for 
this attitude. 
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Interviews with parents covered too broad a range of topics to be 
adequately summarized here. One interesting finding was that only about kO% 
were awca*e of the particular attention being devoted by the school system 
to the mathematics program; this» with several related pieces of data sug- 
gested a need for improved communications with parents » if only to assure 
them that prof essione^s also shared the concern for the importance of mathe** 
aatics skills that so many (almost 2/3) of the parents expressed* On 
comnunlcation between teacher and parent regarding a child's progress » the 
survey revealed the following: 

Parent opinion of methods used to report the childrens* progress 
reflected predominant satisfaction with interviews and reports in 
the form of written comments. Seven parents had the progress reports 
supplemented by a discussion of their children's work papers and one 
by student achievement profile. Grading was still considered desirable 
particularly in the upper elementary grades. Parents appreciated 
individualization and precision in reporting. More than once a year 
parent-tecu^her interviews starting earlier in the school year were 
suggested by several respondents. Five peurents were not satisfied 
with the methods of reporting. Grading by percentage" and conq^ara- 
tive marking and more frequent personal contact with the teacher 
(initiated by the teacher) were deemed necessary by these parents. 

Parent and student attitude data do not reveal startlingly favorable 
attitudes to the new program; neither do they reveal substantial negative 
effects from its introduction. The data suggest directions in which pursuit 
of the change strategy could yield improvement, but do not suggest that there 
were any negative effects from the strategy employed to date. 

A substantial amount of data on degree and kind of use of the program 
by teachers is contained in the collected interview and questionnaire data 
from teachers, principals, administrators and resource personnel over the 
past 3 years. These data cover ratings of the usefulness of the program, 
their perceived obligation to use the program, attitudes towards different 
approaches to curriculum development and suggestions to the MAC for future 
developBsent and revision. 

Thinking of the program as a whole, 197^^ evaluations show that 
22JI^ rated it "very useful," k9% "moderately useful," h% "of no particular 
use" and the remainder rated it "useful but no more so than previous resources." 
Kindergarten teachers were most likely to select the negative option. Prin- 
cipals generally gave a more favorable rating than teachers (77% rating It very 
useful for themselves and 66% rating it "very useful" for their staffs, 
qualified in about half of the cases to some fraction of the staff). 
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Given four options ("I feel it is intended to be there if I want 
to use it"; "I feel it is recommended only"; "I feel required to use it by 
the administration"; and *^ own stan^i/ards require me to use it."), 36% of 
those giving a response to the third felt "required" to use the continuum ^ 
vhile 65% felt "required" to use the placement survey > Oddly, only 16% felt 
It vould he inappropriate to require use of the continuum and 20% opposed 
required use of the placement sur;/ey* Moreover, 63% agreed with the first 
option (voluntary use) for the c^^ntinuum, 78^ for the placement survey; 
56% agreed with the second opt:lon (recommended use) for the continuum, k6% 
for the placement survey; and 66% agreed vitL the fourth (use because of 
personal standards) for both continuum and placement siurvey. This last 
suggests that support for their use exists, independent of any perceived 
requirement • 

One of the strong criticisms of the continum at Its introduction 
and for some time thereafter was the lack of grade designations for the 
objectives. By May 197U, however, 6h% of teachers agreed strongly with a 
statement suggesting that the teacher should choose the appropriate level 
of content for students on the basis of placement survey or eqiiivalent data; 
a further 17% agreed moderately. Moreover, only l6% agreed strongly with a 
statement suggesting that the administration should provide specific advice 
on grade content. This appears to represent substantial acceptance of the 
principle of continuous, individualized rates of progress. 

One of the critical sources of data regarding degree and kind of 
use came traai the May 197U questionnaire. In the prevlour year, they had 
been asked to rate use ranging from "full" to "none," "ftill" being chosen 
by k%^ "partial" by about kO%^ "little" by about 30% and "none" by over 20%. 
In 197U, kinds of use were specified in more detail. Use of the continuum 
for sequence was checked by 95%^ with over half indicating ftequent use for 
this purpose and 70% indicating they found this use helpful. The practice 
of ftrequent pretesting was only followed by k6%^ but 67% frequently post- 
tested; each practice was found useful by most of those adopting it. As a 
regular source of diagnostic test items and reference to student exercises, 
the continuum was referred to by kO% and 33% respectively. Use of the 
placement survey for grouping and placing students was carried out by kl% 
and 6k% respect; ively. Acceptance of one of the principles of mastery learning 
was revealed by the 65% who clalmeu that they changed their teaching approach 
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considerably when giving remedied instruction. Moreover, 31% followed a 
practice of ftrequant regrouping on the basis of test results and 3Q% dis*- 
approved of the practice of maintaining virttaally the same groups all year 
(versus only lQ% who approved and followed this practice). These findings 
suggest substantied increases over the previous year in those making signi- 
ficant use of the program and substantial decreases in the proportions 
making little or no use of it. 

As might be expected, majority of teachers reported an increase 
in workload for student evb^luation and a substantial proportion reported 
an increase in workload for classroom management and staff or committee 
meetings 9 as a result of the Mathematics Project. Over one-^quarter of prin- 
cipauLs, however, felt their own workload had decreased. For teachers, only 
a small fraction found their workload unsatisfactory, chiefly in reaction 
against the bxirden of frequent testing* 

Of the different approaches to curriculum development described 
in the questionnaire, the one describing the Math^toatics Project strategy 
is most relevant here: 56% gave it strong endorsement; 2k% agreed somewhat; 
10^ were neutral; and 10^ indicated some degree of disagreement. Moreover, 
9^% wer^ now satisfied with the revised continuum and Q9% with the revised 
placement tests. 

With respect to f^tture steps by the MAC, approximately 60% expressed 
support for the idea of being left alone to assimilate. However, there was 
also strong (greater than 30%) suppoirt for more concrete tools (booklets of 
tests, record forms), professional development time to work on such concrete 
tools » and information on remedied teaching cmd problem solving instruction. 

Generally, data from principals, resource teachers and senior 
administrators corroborated the data from teachers, with principals tending 
to add many ccmiplimentary remarks and some senior administrators tending to 
be less optimistic regarding the amount of change which had occurred. 

Evaluation of the effects of the Mathematics Project on student 
achievement is not as yet complete. It can be said, however, that a steady 
gain of several percentile points on the M-1 section of the Canadian Test of 
Basic Skills has been recorded in each of the years since 1971 » reversing a 
downward trend which had been in evidence for several years prior to that 
time. The net gain is difficult to estimate because of a change in norms 
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introduced in the most recent year, but a 15-20 percentile gain would represent 
a conservative estimate. Comparative results on criterion-referenced random 
saarpling of the County popiaation are not yet available • The attached table 
and graph (Figures 2 and 3) represent, however, the 197l» results on the 
multiplication portion of the test. On the table the objective numbers 



Insert Figure 2 Here 



(M-6 to M-3l(iv)) represent the particular objectives from the continuum 
tested on the various grade level forms of the test (from additive combination 
of equivalent sets to multiplication by a three-digit multiplier); the "Jf" 
coltmm records the percentage of all students tested (given by "N") who 
correctly answered at least U of the 5 items on that objective (i.e., had 
mastery); the bracketed numbers under each represent the percentage with 
mastery in the poorest and best classes tested. The graph records the overall 



Insert Figure 3 Here 

performance in visual form. Generedly, a high level of mastery is in evidence 
for the earliest objectives tested at each Grade-level fom, with performance 
dropping off considerably by the last objective tested. 

Conclusion 

This case study ancG.ysis provides some evidence that o\ir conceptual 
orientation toward curriculum change includes sufficient conditions for 
predicting strategies that potentiedly alter the behavior of large numbers of 
students within the constraints of typical school environments. The centrality 
of meaningful cot'iiunication in effective strategies for change warrants 
emphasis. Three purposes for communication have been outlined: to assist 
clients to understand the innovation, to persuade them of the benefits of 
adopting it, emd to provide the skills needed for effective implementation. 
An important feature to emerge from analyses of the case study data is the 
multidimensional nature of strategies that are effective in accomplishing the 
above purposes with a large proportion of the target clients. Dtiring the 




first stages of implementation, data indicated that extensive training for 
principals alone woidd not ensure change among a large proportion of teachers 
even thoxigh principals were in an ideal position to act as change agents 
and many did make a serious effort. During later stages, involving intensive 
in-sexnrice tradning to teachers, the flagging support of some principals 
detracted from adequate implementation in some schools. Similarly, even 
though spoken communication in relatively small groups, especially among peers, 
appeared to be the single most powerful form of information transmission, 
memos and large group presentations seemed necessary more for tone setting and 
motivational purposes for some teachers and principals. 

These data also provide some support for the introduction of change 
in successive approximations as another method of meaningfully communicating 
infomation about a change in curriculum. Features of the initial version 
of the basic skills continuum seemed to be useful for teachers who desired 
some g\ildance in sequencing instruction, especially. The addition of pools of 
test items made use of the continuum meaningful for an additional group of 
teachers while the problem-solving unit involved still another (and additional) 
group. Proceeding in successive approximations allowed target clients, through 
feedback to agents, to guide the course of product development so that their 
concerns were being adequately met . 

The requirement of multidimensional communication supports theoretical 
formulations that posit highly individualized client personality structiares 
requiring highly individualized messages to be meaningful. The main practical 
implication seems to be that , given sin adeqxiate theory for ciariculxim change 
as a guide, the committed change agent and administration can, in fact, improve 
levels of student performance on a system-wide basis. But commitment (or 
tenacity) is essentied because the necessary communication must not only be 
varied to be effective but extend over a significant period of time in a 
dense and continuous fashion. 
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